Introduction
Croup is an infection that commonly causes stridor in children during the fall and winter. It is characterized by subglottic inflammation secondary to pathogens such as influenza and parainfluenza. The presentation varies, but it is usually slow in onset and characterized by stridor, hoarseness, and a barking cough. Symptoms typically last for 3 to 7 days, but they can extend as long as 14 days in atypical cases. 1 While many children are managed as outpatients, some require admission or airway intervention. Treatment typically consists of steroids, racemic epinephrine, and heliox; only rarely is intubation necessary. If symptoms do not improve in 48 to 72 hours, the possibility of tracheitis or another airway pathology must be entertained.
Tracheitis is a potentially life-threatening superinfection characterized by the formation of thick, purulent secretions that are difficult to clear. In its classic manifestation, tracheitis causes patients to appear toxic and febrile with leukocytosis. 2 In contrast, patients with croup are nontoxic, and fever and white blood cell counts are variable. 3 Tracheitis is usually acute, but it also can be insidious.
When patients do not respond to medical management for presumed croup, the otolaryngology team is occasionally asked to perform direct laryngoscopy and bronchoscopy (DLB) to rule out tracheitis or another airway pathology. However, there are risks involved in performing DLB during acute croup; they include worsening the respiratory status by administering general anesthesia, and instrumentation of an already edematous subglottis. This can result in the need for intubation or transfer to a higher level of care, which increases the risk of complications, length of hospital stays, and costs. While the benefits of diagnosing tracheitis outweigh the risks Fox, ongkasuwan of worsening the respiratory status during acute croup, the risk-benefit ratio of diagnosing a concurrent airway pathology in acute croup is uncertain.
The goal of this study was to determine if performing DLB in patients hospitalized with croup is safe and provides a sufficient yield for identifying tracheitis or unexpected pathology. We also endeavored to guide practitioners in the management of hospitalized croup patients, and we sought to identify if preoperative vital signs predict operative findings.
Patients and methods
We conducted a retrospective study to evaluate whether inpatient DLB in acute croup is safe and effective, and to correlate preoperative vital signs with intraoperative findings. To this end, we used ICD-9 coding search criteria to identify all patients who had been admitted to Texas Children's Hospital in Houston from January 2003 through January 2011 for a diagnosis of acute tracheitis, acute laryngotracheitis, or croup. Patients with bronchial croup were not included.
Our initial search identified 521 such admissions. These did not include patients who had been discharged from the emergency department or placed under prolonged observation. We then excluded all patients who had been previously managed with a tracheostomy tube and those who had not undergone inpatient DLB; patients who had undergone flexible laryngoscopy were not eligible. Thus, our final study population was made up of 18 children-11 boys and 7 girls, aged 1 month to 3.3 years (mean: 1.3 yr).
In addition to demographic data, we compiled information on hospitalization dates, preoperative vital signs, preoperative level of care, time to surgery, comorbidities, complications within 72 hours of surgery, postoperative level of care within 72 hours of DLB, and culture results. We also reviewed white blood cell counts at admission, but these data were insufficient and not used.
Preoperative vital signs included mean and maximum body temperatures and respiratory rates, as well as mean heart rates, blood oxygen saturation levels per pulse oximetry, and systolic blood pressures. The mean values for each vital sign in our patients were compared with age-related normal values ( [4] [5] [6] Results Comorbidities. Preoperative findings included gastroesophageal reflux disease (GERD) in 5 patients (28%), previous intubation in 4 patients (22%), prematurity in 3 (17%), and asthma/reactive airway disease in 2 (11%), as well as 1 case each (6%) of bronchopulmonary dysplasia, laryngomalacia, failure to thrive with a gastrostomy tube, multiple hemangiomas, polycystic kidney disease, previous herpes simplex virus meningitis, previous subglottic cyst decompression, previous esophagitis, and previous supraventricular tachycardia. In addition, 1 patient was later diagnosed with a chromosome 16p deletion, which led to multiple medical problems. Vital signs. Preoperative vital signs included mean and maximum body temperatures, mean and maximum respiratory rates, and mean heart rates, oxygen saturation levels, and systolic blood pressure levels. We also calculated the differences between these findings and established age-related normal values. [4] [5] [6] We assigned patients to one of three groups based on their intraoperative findings. Seven patients had standard croup only (standard croup group; mean age: 1.0 yr), 7 patients had croup plus a concurrent airway anomaly (concurrent anomaly group; mean age: 1.4 yr), and 4 patients had tracheitis (tracheitis group; mean age: 1.5); there was no significant difference in age among the three groups (p = 0.58).
A total of 363 body temperatures were recorded. Of these, 31 (9%) were obtained rectally; the remaining were axillary temperatures. Converting rectal to axillary temperatures can be challenging; we did so by subtracting 0.92°C (1.66°F) from the rectal temperatures. 5 Most patients had elevated body temperatures, elevated respiratory rates, minimally elevated heart rates, and minimally depressed oxygen saturation values. The entire group's mean systolic blood pressure was 110 mm Hg, and the difference from age-related normal values was 26.6 mm Hg.
Preoperative vital signs were compared among the standard croup group, the concurrent anomaly group, and the tracheitis group (table 1) . There were three statistically significant differences; the mean temperature (p = 0.016) and the difference in mean temperature from normal were both significantly higher in the tracheitis group (p = 0.016), and the difference in mean respiratory rate from normal was significantly higher in the concurrent anomaly group (p = 0.047).
Intubation. We also analyzed patients based on whether they required intubation (n = 4) or not (n = 14). No preoperative vital sign was significantly associated with intubation status, although two did approach statistical significance: the mean body temperature and difference in the mean temperature from normal were higher in the intubation group (p = 0.089 for both) (table 2). Level of care and complications. Admission to the acute care unit (ACU) represents the standard level of care at our hospital. The progressive care unit (PCU) serves as a step between the ACU and the intensive care unit (ICU) (table 3).
All 4 patients who required intubation in the operating room had been placed in the ICU before surgery (relative risk [RR]: 16.7; p = 0.047). One of these patients had been intubated in the emergency department and was reintubated in the operating room. The duration of intubation after DLB ranged from 2 to 6 days (mean: 4).
Only 1 patient required admission to the ICU during the immediate postoperative period. This patient had been intubated during DLB, and later that day was extubated and transferred out of the ICU down to the PCU.
Postoperatively, 1 patient developed recurrent croup and required a tracheostomy 9 days after discharge, when he was admitted for pneumonia. A repeat DLB revealed grade 3 stenosis.
Only 1 postoperative complication was reported within 72 hours of DLB; an intubated patient experienced urinary retention.
Intraoperative findings. Among the 18 patients, 11 had an intraoperative finding on DLB other than subglottic edema associated with croup; 2 patients had multiple findings. A total of 13 airway abnormalities were identified, the most common of which was tracheitis (table 4). Seven of these findings required surgical intervention, and 2 others required another form of medical treatment. A patient with an abnormal distal trachea and left mainstem bronchus had concurrent pneumonia, and the pulmonology service was consulted.
Six patients (33%) had recurrent croup; their mean age was 1.9 years. Of this group, 4 had a concurrent airway anomaly-1 case each of bilateral subglottic cysts, hypertrophic subglottic mucosa, a distal trachea/left mainstem bronchus anomaly, and a posterior glottic web.
Age was not correlated with the need for intraoperative intubation (p = 0.46). All 4 previously intubated patients had a concurrent airway anomaly-1 case each of laryngomalacia, bilateral subglottic cysts, posterior glottic web, hypertrophic subglottic mucosa, and type 1 laryngeal cleft (1 patient had 2 anomalies).
Cultures. Six intraoperative cultures were obtained.
Microbiology identified 3 cases of methicillin-resistant or methicillin-sensitive Staphylococcus aureus and 1 case each of Streptococcus pneumoniae, Staphylococcus saprophyticus, Escherichia coli, and Moraxella catarrhalis (1 patient had 2 isolates). Three culture results changed the course of management by directing antibiotic selection.
One culture of bronchoalveolar lavage fluid was not finalized at discharge, and its effect on management was uncertain.
Discussion
There is currently a paucity of literature examining DLB in the inpatient croup population. 1, 7, 8 As far as we know, the only study that looked primarily at patients hospitalized for croup was published by Tan and Manoukian in 1992. 1 They performed 18 DLBs for inpatient consultations and suggested that DLB be reserved for inpatients who are older than 3 years, who have recurrent croup or a history of a laryngeal nerve injury, or who exhibit a minimal response to treatment.
Jabbour et al 7 and Delaney and Johnston 8 looked at predominantly outpatient recurrent croup populations with small numbers of inpatients (n = 16 and n = 12, respectively). These two studies found that inpatient consultation (as opposed to outpatient consultation) was significantly associated with positive DLB findings in the recurrent croup population (RR: 5.3 to 6.1). However, many inpatient consultations had subsequent DLBs as outpatients. Thus, there are few objective data available to assess the risk-benefit ratio of performing inpatient DLB, and there are no studies specifically examining the safety of DLB performed in patients hospitalized with croup. Progressive care unit, n 5 4
Intensive care unit, n 6 7 Possible benefits of inpatient DLB are that a diagnosis of tracheitis can be made, cultures taken, and treatment employed via endoscopic debridement, intravenous antibiotics, and possibly intubation. Likewise, other airway anomalies may be diagnosed and addressed. Intuitively, we expect instrumentation of the subglottis to increase edema. However, the clinical significance of this has been uncertain.
To the best of our knowledge, no other study specifically examining the safety of DLB in patients hospitalized with croup has been previously published in the literature.
Sex and age. Of the 18 patients undergoing DLB, 11 (61%) were male. This proportion is generally consistent with those reported in other studies in the literature, which have demonstrated a male preponderance of 69 to 81% and correspondingly higher admission rates for males. 1, [7] [8] [9] [10] [11] The mean age of our patients at time of DLB was 1.3 years. Segal et al reported that children younger than 1 year are most likely to require hospitalization. 11 The mean age of patients in studies that primarily involved outpatients with recurrent croup was significantly older (3 to 3.5 years). 7, 8 Younger age at the time of otolaryngology consultation is also known to correlate with the likelihood of finding an airway abnormality. Delany and Johnston 8 reported that an age of less than 36 months was significant, and Jabbour et al 7 found that less than 12 months was significant. However, age did not significantly correlate with the intraoperative findings in our study, although patients with isolated croup were younger.
The patients in our study who presented with recurrent croup were older than inpatients without recurrent croup (1.9 yr), which would be expected since recurrence requires additional time. Four of the 6 had a concurrent airway anomaly. Clinicians should maintain a heightened level of suspicion for concurrent airway pathologies among inpatients with recurrent croup.
Comorbidities. Of the 4 children who had been previously intubated, all had a concurrent airway anomaly (RR: 4.67; p = 0.003). Three of the findings (bilateral subglottic cysts, hypertrophic subglottic mucosa, and a posterior glottic web) might possibly be attributed to previous intubations. Other authors have reported an increased relative risk of concurrent airway pathology in patients who were previously intubated (RR: 8.1 to 9.9). 7, 8, 11 In our study, 5 children had known GERD, and 1 had a history of esophagitis. Cooper et al found a greater likelihood of airway anomalies in patients with severe GERD or esophagitis. 12 Four of these 6 children had an airway anomaly (RR: 3.47; p = 0.025). Laryngomalacia and GERD are known to be associated. 13 GERD, in conjunction with intubation, possibly contributed to the hypertrophic subglottic mucosa and posterior glottic web. Clinicians should maintain a heightened suspicion for concurrent airway pathologies in inpatients who have been previously intubated and in those with GERD. Vital signs. It is not surprising that the mean body temperature and the difference in temperature from normal were significantly higher in the tracheitis group than in the standard croup group and the concurrent anomaly group (p = 0.016 for both). Other literature has identified higher fevers in patients with tracheitis compared with standard croup patients. 2 It is interesting that the maximum temperatures were not significantly different among the various groups in our study. An elevated temperature should raise a suspicion of tracheitis, but a lack of a substantial fever does not rule out tracheitis.
An increased respiratory rate in our study was significantly correlated with the presence of a concurrent airway anomaly (p = 0.047). We presume the presence of these concurrent respiratory lesions led to an increase in airway resistance and a decrease in tidal volume, and that patients required an elevated respiratory rate to maintain minute ventilation.
Level of care and complications. All 4 patients who were intubated during DLB had been placed in the ICU setting preoperatively, and only 1 patient required ICU admission during the immediate postoperative period. We believe this finding is important when having a preoperative discussion of DLB timing with families and pediatricians.
We found that patients who are in the ACU or PCU preoperatively are unlikely to require transfer to a higher level of care or to require intubation after DLB. While we would expect to see some increase in subglottic edema because of DLB, the magnitude of this increase in our non-ICU patients was not clinically significant.
Of the 6 patients in our study who had been admitted to the ICU preoperatively, 4 required intraoperative intubation. Families and pediatricians should understand that patients in the ICU have a greater likelihood of requiring intubation, so if circumstances allow, we recommend that DLB be delayed until these patients are transferred out of the ICU.
Intraoperative findings. In our study, 11 of the 18 (61%) patients had a respiratory pathology beyond croup, including 2 who had multiple abnormalities. Clinical suspicion alone yielded a high rate of positive operative findings Selection bias plays a role in such cases because pediatricians generally consult otolaryngologists for an airway evaluation when they suspect an abnormality or when the patient's clinical course does not follow its expected path based on the natural history. This bias inflates the percentage of abnormal DLB findings for inpatients.
Based on our data, suspicion of an anomaly should be heightened for children who persistently demonstrate an axillary temperature greater than 98.6°F or an elevated respiratory rate compared with age-related normal values, [4] [5] [6] as well as for those who have recurrent croup or a history of GERD, those who have been previously intubated, and those who have been admitted to the ICU. In contrast, we found no clear associations between positive DLB findings and heart rate, oxygen saturation level, or systolic blood pressure.
While some authors have classified DLB findings based on their severity, 7, 8 we find it more helpful in the acute care setting to classify them based on the resulting intervention. Nine of the 13 abnormalities required intervention, 7 of which were surgical. Flexible fiberoptic laryngoscopy likely could have diagnosed the patient with supraglottic thrush but, at the minimum, 7 of our 18 patients (39%) required a significant operaervention.
Cultures. While obtaining a culture specimen is not usually a primary indication for DLB in patients hospitalized with croup, it is of benefit, especially considering how difficult it is to obtain suitable tracheal specimens from nonintubated infants and toddlers. In our study, S aureus was the most frequently isolated pathogen. This is consistent with findings reported in other studies.
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Study limitations. The primary limitations of our study are its retrospective nature and the relatively small number of patients. As a result, we are unable to provide a specific algorithm for when to perform inpatient DLB in patients hospitalized with croup because the indications for referral are vague and based on an assessment by the pediatric primary care team that the course of illness is not following the expected natural history of croup.
Also, we did not examine the relative proportion of inpatient vs. outpatient DLBs that resulted from inpatient consultation. If tracheitis had been suspected, these DLBs would not have been delayed. However, the level of preoperative suspicion for other airway anomalies is unclear for those DLBs that were delayed and performed on an outpatient basis. Finally, our results were likely affected by the different practice patterns among pediatric otolaryngologists at our institution, as well as by inter-rater observer variability on DLB.
In conclusion, we found that performing inpatient DLB in hospitalized croup patients is reasonably safe and provides a sufficient yield in identifying tracheitis and other concurrent airway pathologies. Elevated preoperative temperatures are correlated with the presence of tracheitis, whereas elevated respiratory rates are correlated with other concurrent airway pathology. The yield of DLB is higher in patients with recurrent croup or a history of GERD or previous intubation and those who are admitted to the ICU before surgery.
